
This Page Is Inserted by IFW Operations 

and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 

please do not report the images to the 

Image Problem Mailbox. 



PCT VmW l™US!aE ORGANIZATION 
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (Pen 
International P.i«t n 10-.,^ « . I 1 '   ~ —  « v 7 

WO 99A)2818 
(51) International Patent 

E21B 43/10, 33/10 Al 
(tl) International Publication Number: 
(43) International Publication Date: 

(21) International Application Nnmbert PCI7OB98/0206O 
(22) International FUlng Date: |3 My \m (13.07.98) 

(30) Priority Data: 
971465U 12 July 1997(12.07.97) GB 

(71) Applicant (for all designated Stout except US): PBTROL1NE 
WELLSYSTEMS LIMITED [OB/OB]; Offihore Technol- 
ogy Park, Claymore Drive, Bridge of Don. Aberdeen AB23 SOD (OB). 

(72) Inventor; and 
(75) k^^AppUcant (for US <Wy): METCALFE, Paul. D»TU 

(OB/OB); North Wing, Bucklcrtum Steading, Petereulter ABU ONP (GB), 
C*) Agents; McCALLUM, William, Potter et iL; Cnritahank & 

Fairweathcr, 19 Royal Exchange Square, Glasgow Gl 3AS (GB). 

21 January 1999 (21.01.99) 

(81) D«£aud S^AUA*.AT. AU, AZ, BA. BB. BG, BR. 
BY. CA, CH, CN, CU, CZ, DE, DK, EE, ES FL GB GIL 
GH. GM. HR. HU. ID, JL. IS. JP, KBTKG ]£ S 
LC. LK. LR. LS. LT. LU. LV. Mb!MO?M)C MN MW 
MX. NO. NZ. PL, PT. RO, RU. SO, SB! S<0 SLSK^SL TJ. TM, TR, TT, UA. UO, US. UZ. VK Y^'zw ARTO 
patent (AM, AZ. BY. KG, KZ. MD, RU, TJ, TMX European 
patent (AT. BE, CH, CY. DE, DK, ES, Fl FR.STGR 
£IT\ LU, MC, NL. PT, SB). OAPI patent tfP.Bj' CF 
CO, Q. CM, GA, GN, GW, ML, MR. NE, SN, TO, TO) 

h international north report. 

(54) Title: DOWNHOLE TUBING 

24 
(57) Abstract 

aurface of .aid body. There ii^rSerprorS. i£hod c?.c^n^h£2i^,^J^^^tar ^     far » toner 
«pand*4e UcSVubuter body (16) ca^dXELCJlTe^e^ ndW* conuet wifttheborc wall, and loeimgTacal c^cTf^^^^.!^,?^^' «P^gte body redTally into lUTtaaofAe body, sowing a porS   *e ^S^^ «* body and radially extending the *cal member to engage an inner 



I ! 

") 

BR BY 

a CM 

FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States putjr to to PCT on the front pages of pamphlets publishing into ml apptk TthePCT. 

VT LU LV 

MX TTietawrYvjwU* 

MW MX 

a SfavcnJt SK SN 
sz SwuUud TO Qmd TC TJ TM IWawnixsa TS 
TT UA Unfa* UO US UbkedSUtaoTAsMhca uz Uibckbun VK Vt«Nm YU YafabvU zw Zicbatwe 



WO 99/02818 PCT/GB98/02066 

10 

This invention relates to downhole cubing, a downhole 
tubing sealing system, and to elements of such a system. 
The invention also relates to a method of lining a bore and 
to a method for sealing downhole tubing. 

In oil and gas extraction operations, a bore is 
drilled through the earth to intersect a hydrocarbon- 
bearing formation which forms the hydrocarbon reservoir, 

allowing oil and gas from the reservoir to be transported 
to the surface. The bore intersecting the reservoir is 
typically lined with steel casing which is cemented in the 

bore. A perforating gun is then lowered into the bore and 

detonated to form perforations which extend through the 
casing and the cement and into the formation. Typically, 

sets of perforations are provided at intervals along the 
15 casing,  and the perforated casing may extend for several 

thousand metres through the formation. To control the flow 

of oil from the formation inflatable packers may be 
provided to isolate selected sets of perforations and thus 
isolate the corresponding portions of the formation. 

It has recently been proposed that such cemented and 
perforated casing be replaced by expandable slotted tubing, 
such as described in WO93\25800 (Shell Internationale 
Research Maatschappij B.V.).. Such tubing comprises lengths 

of tube which have been machined to create a large number 
of overlapping longitudinal slots. The tube is radially 
expanded, while downhole, into contact with the bore wall,. 

20 
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the slots extending to create diamond-shaped apertures. 
The expanded tube thus provides support for the bore wall 

while allowing oil to flow into the bore through the 
extended slots. 

It is among the objectives of embodiments of the 
present invention to provide a system which allows a 
section of bore wall lined with such expanded tubing to be 
sealed or isolated, and thus facilitate control of the flow 
of oil from a hydrocarbon reservoir. 

According to one aspect of the present invention there 
is provided downhole tubing comprising a radially 
expandable slotted tubular body carrying deformable 
material on the exterior thereof. 

According to a further aspect of the present invention 
there is provided a downhole tubing sealing system 
comprising a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof, and 
a seal member for location within the body and for engaging 
an inner surface of the body. 

In use, the tubular body is located in a bore and 
expanded radially into contact with the bore wall. The 

presence of the deformable material on the exterior of the 
body ensures that full contact is achieved between the 
outer surface of the body and the bore wall. The sealing 
member is then activated to engage the inner surface of the 

body and provides a sealing contact therewith. The length 

of the seal member and/or the location of the seal member 
in the body is selected such that none of the slots in the 
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body extend beyond boch ends of the seal member; otherwise, 

fluid would be able to flow around the seal member by 
passing along the slots- 

According to another aspect of the present invention 
there is provided a method of isolating a portion of a 
downhole bore, the method comprising the steps of; 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; 

locating the body in a bore and expanding the body 
radially into contact with the bore wall; and 

locating a seal member within the body and radially 
extending the member to engage an inner surface of the 
body. 

As used herein the terms "slots" is intended to 
encompass any holes or apertures which facilitate expansion 

of the body, including bores, slots or weakened areas which 
initially only extend part way through the body. 

These aspects of the invention permit the complete 
sealing of a bore lined with expanded slotted tubing. 
Conventional expanded slotted metal tubing does not achieve 
a fluid-tight metal-to-rock contact: because the outer 
surface of the tubing tends to retain its original 
curvature, that is the curvature of the unexpanded tubing, 
not all of the outer surface contacts the bore wall 
following expansion. With the inner surface sealed, for 

example by a packer, there remains a small area S-shaped 
leak path between the tubing and the bore wall where the 

tubing is not.,in contact with the wall;    this leak path may 
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account for around 0.5% of the cross sectional area of g 

bore. However, with the present invention the deformable 

material on the outer surface of the body allows compute 
contact between the body and the bore wall and eliminates 
this leak path. 

Preferably, the deferable material is an elastomer. 
Of course the deformable material will be selected to 
withstand handling and the conditions experienced downhole, 
for example the selected material preferably bonds to the 

body outer surface sufficiently to prevent erosion or 

degradation during installation, withstands the elevated 
temperatures experienced downhole (typically 130 - lao'c), 
and is resistant to crude oils, brines, acids and other 
fluids likely to be encountered downhole. 

According to a further aspect of the present invention 
there is provided a method of lining a downhole bore, the 
method comprising the steps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; and 

locating the body in a bore and expanding the body 
radially into contact with the bore wall. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings,  in which: 

Figure 1 is a schematic sectional view of a downhole 
sealing  system  in accordance with an  embodiment  of the 
present invention, shown in a bore- 

Figure 2 is an enlarged sectional view on line 2 - 2 
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of Figure 1; and 

Figure 3 is an enlarged side view of the tubing of 
system of Figure 1, one half of the Figure illustrating the 
effect of the absence of a deformable material coating as 
provided in embodiments of the present invention. 

The drawings illustrate a downhole tubing sealing 
system 10 in accordance with an embodiment of the present 
invention. The system 10 is shown, in Figure 1 of the 

drawings, in a drilled horizontal bore 12 which intersects 
an oil bearing formation or reservoir 14. 

The system 10 includes tubing 16, similar to that as 

described   in   W093\25800    (Shell   Internationale Research 
Maatschappij   B.V.),   which   includes   a   large   number of 
overlapping longitudinal slots 18.    The tubing 16 is run 

15 into the bore 12 in unexpanded configuration and a mandrel 
then pushed up or pulled through the tubing 16 to expand 
the    tubing    radially    outwards. The    expansion is 
accommodated by the extension of the slots 18 to form the 
diamond shaped apertures as illustrated in Figure 3 of the 
drawings. As may be seen in Figure 2 of the drawings, the 

tubing 16 is expanded into contact with the bore wall 22, 
and thus provides support for the bore wall 20 while 
allowing oil to flow from the reservoir through the 
expanded slots 18. 

The   tubing   16   is   formed  of   an   appropriate metal, 
typically  steel,   and   carries   an  external   coating  of a. 
deformable material in the form of an elastomer 22. The 

provision of the elastomer coating allows the outer surface 

20 
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of the tubing 16 to form a sealing contact with the bore 
wall 20,  as described below. 

On expansion of the tubing 16, the metal outer surface 
of the tubing tends to retain its original curvature, that 
is the curvature of the unexpanded tubing, as may be seen 
from Figure 2. As a result, in the absence of an elastomer 
coating 22, not all of the outer surface of the tubing 
would contact the bore wall 22 following expansion; metal- 
to-rock contact would only be achieved at the contact 
points 24 as indicated in Figures 2 and 3. Thus, it may be 

seen that, in the absence of the elastomer coating, a small 
area S-shaped leak path would remain between the tubing and 

the bore wall where the tubing was not in contact with the 

wall. However, in the present invention, differential 
compression of the elastomer coating 22 ensures that there 

is an elastomer-to-rock contact around the circumference of 
the tubing (though of course not at the slots 18). 

in the illustrated example the reservoir 14 has been 
isolated from the bore 12 by providing a packer 26 within 

the tubing 16, the packer providing a sealing contact with 
the interior of the tubing 16 over the length of the 
intersection of the bore 12 with the reservoir 14. The 
packer 26 is mounted on a tube 28 which allows fluid to 
flow past the isolated reservoir 14. 

It will be apparent to those of skill in the art that 

the above-described embodiment provides numerous advantages 
over conventional cemented and perforated casing systems, 
and also other methods of sealing expanded slotted tubing, 1 
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such as providing an external isolation sleeve on the 
tubing. with the present invention, the whole length of 

the tubing may contribute to flow as all of the slots in 
the tubing are normally opened. Further, the incernal 

sealing member or packer may be provided at any location in 
the tubing, and is thus adaptable to deal with any 
situation or problems that may arise in a bore. 

it will also be clear to those of skill in the art 
that the above-described embodiment is merely exemplary of 
the present invention, and that various modifications and 
improvements may be made thereto, without departing from 
the scope of the present invention. 
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CLAIMS 

1. Downhole tubing comprising a radially expandable 
slotted tubular body carrying deformable. material on the 
exterior thereof. 

2. The downhole tubing of claim 1 wherein said deformable 
material is an elastomer. 

3. The downhole tubing of claim 2 wherein said elastomer 
is selected to be resistant to high temperatures, and to 
crude oils, brines, acids, and other degradative fluids 
encountered downhole. 

4. A downhole tubing sealing system comprising the 
downhole tubing of claims 1 to j, and a seal member for 

location within said body and for engaging an inner surface 
of said body. 

5. A method of isolating a portion of a downhole bore, 
the method comprising the steps of: 

providing a radially expandable slotted tubular body 
carrying deformable material(on the exterior thereof; 

locating said body in a bore and expanding said body 
radially into contact with the bore wall; and 

locating a seal member within said body, and radially 

extending said member to engage an inner surface of said 
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S. A method of lining a downhole bQre> method 

comprising the steps of: 

providing a radially expandable slotted tubular body 
carrying deformable material on the exterior thereof; and 

locating said body in a bore and expanding said body 
radially into contact with the bore wall. 
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